Magnetic CoNi alloys were electrodeposited from chloride baths to investigate the influence of saccharin on thin film stress. As the Co 2ϩ concentration in the plating solution was increased, the stresses in the CoNi thin films increased. CoNi thin films electrodeposited from chloride baths without saccharin exhibited increased tensile stresses ͑from 145 to 270 MPa͒ with increasing Co concentration in the plating baths, whereas CoNi thin films electrodeposited with saccharin showed decreased stress. Notably, CoNi thin films deposited with saccharin showed the transition from compressive to tensile stress modes ͑Ϫ85 to 120 MPa͒ with increasing Co 2ϩ concentrations. © 2004 The Electrochemical Society. ͓DOI: 10.1149/1.1843711͔ All rights reserved. Numerous studies of electrodeposited iron group thin films ͑Fe, Co, and Ni͒ have been carried out because of potential applications in computer read/write heads, 1,2 microelectromechanical systems ͑MEMS͒, 3-5 and ultralarge scale integration ͑ULSI͒ devices. 6,7 Electrochemical processes ͑electrodeposition and electroless deposition͒ have many advantages over vacuum processes because of roomtemperature operation, various deposition parameters, easy scale up and maintenance, low production cost, relatively rapid deposition rate, the capability of handling complex geometries, and the ability to ''tailor'' deposit structure and properties. Electroless deposits are less porous, more uniform, and more resistant to corrosion than electrodeposits.
Numerous studies of electrodeposited iron group thin films ͑Fe, Co, and Ni͒ have been carried out because of potential applications in computer read/write heads, 1,2 microelectromechanical systems ͑MEMS͒, [3] [4] [5] and ultralarge scale integration ͑ULSI͒ devices. 6, 7 Electrochemical processes ͑electrodeposition and electroless deposition͒ have many advantages over vacuum processes because of roomtemperature operation, various deposition parameters, easy scale up and maintenance, low production cost, relatively rapid deposition rate, the capability of handling complex geometries, and the ability to ''tailor'' deposit structure and properties. Electroless deposits are less porous, more uniform, and more resistant to corrosion than electrodeposits. 8 However, electroless deposition processes are more expensive, and have slower deposition rates and less stable baths than electrodeposition processes. Therefore, electrodeposition processes may be more suitable for integration of magnetic materials into MEMS devices.
Magnetic materials have recently been incorporated into MEMS devices such as sensors, microactuators, micromotors, and frictionless microgears because electromagnetic-actuated MEMS are more durable for force applications in severe environments compared to electrostatic-actuated MEMS. 9, 10 To incorporate magnetic materials into MEMS devices, magnetic thin films must have good adhesion, low-stress, good corrosion resistance, and be thermally stable with excellent magnetic properties. Magnetic layer thicknesses in MEMS can range from a few tenths to hundreds of micrometers, depending on the applications. In particular, stress of the deposited films plays an important role in incorporation of magnetic materials into MEMS devices. High stress in magnetic thin/thick films may result in malfunction of MEMS devices because of deformation or detachment of the deposited films from the substrate ͑e.g., Si substrate͒. Although numerous studies have been carried out to investigate binary and ternary iron group magnetic thin films, there is a lack of systematic studies about the stress issue. In this study, we focused on stress changes of magnetic CoNi thin film alloys electrodeposited from chloride baths as a function of composition ratio in the films. The effects of an additive ͑saccharin͒ on the film stress were also studied.
Experimental
The solution compositions for chloride baths are listed in Table I . NaCl was used as supporting electrolyte, and boric acid as buffer. The surface morphology and the deposited Co and Ni contents were examined using SEM ͑model JSM-6300, JEOL Ltd.͒ and EDS ͑model ISIS, Oxford Instruments͒, respectively. An X-ray diffractometer ͑XRD͒ ͑model D/MAX 2500H, RIKAKU͒ with Cu K␣ radiation was used for the identification of the phases and the measurement of grain size in the electrodeposits. The conditions of XRD were a scanning range ͑30°-100°͒ with 0.03°increments and a onesecond dwell time.
Results and Discussion
The dependence of film composition on Co 2ϩ concentration in magnetic CoNi thin film alloys is shown in Fig. 1 . As the Co 2ϩ ion concentration in the plating baths was increased up to 0.206 M, the content of deposited Co increased to be about 80 atom % and that of Ni decreased to about 20 atom %. The Co/Ni ratios of deposited CoNi thin films are independent of the addition of saccharin. Figure  2 shows the dependence of film stress of CoNi thin films electrodeposited from chloride baths on the Co 2ϩ concentration in the electroplating bath. In the absence of saccharin, the stress of a pure Ni thin film was measured to be ϳ145 MPa ͑tensile stress mode͒. As the Co 2ϩ concentration increases from 0.03 to 0.206 M, the stress of the binary CoNi thin film increased from ϳ175 to ϳ260 MPa. In the presence of saccharin, the pure Ni thin film exhibited a compressive 
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stress mode ͑about Ϫ80 MPa͒. Film stress of binary CoNi alloys changed from compressive ͑about Ϫ40 MPa͒ to tensile stress mode ͑ϳ115 MPa͒ with increasing Co 2ϩ concentration. It is evident that addition of saccharin resulted in the reduction of stress in the deposited film. Also the stress mode of CoNi thin films strongly depends on the composition ratio of deposited Co/Ni. However, film stresses are independent of deposit thickness ͑3 and 10 m thick͒. Figure 3 shows the effect of Co 2ϩ concentration on the surface morphology of CoNi thin films with and without adding saccharin to the plating baths. For saccharin-free electrolyte, the CoNi thin films changed from a nodular ͑Fig. 3a and b͒ to a pyramidal surface morphology ͑Fig. 3c͒. On the other hand, for the solutions containing 0.01 M saccharin, the CoNi deposits were smooth ͑Fig. 3d-f͒. It is clear that the addition of 0.01 M saccharin to the CoNi plating baths strongly affected the surface morphology.
XRD analysis indicated that the pure Ni thin film electrodeposited from chloride bath without saccharin mainly consisted of fcc , and ͑311͒ planes͔. Also, the CoNi thin films deposited from the solution containing both 0.05 M CoCl 2 and 0.01 M saccharin, which has zero stress value, showed similar microstructure compared to the CoNi thin film electrodeposited from the solution containing 0.05 M CoCl 2 without adding saccharin. Therefore, it is believed that the stress difference ͑Fig. 1͒ between the pure Ni and CoNi deposits from 0.05 M CoCl 2 , with and without 0.01 M saccharin, may have resulted from the addition of saccharin ͑as impurity͒ rather than the microstructure. Tamulevičius 11 suggested that a pure thin film ͑free of impurities͒ deposited from vacuum process tends to have tensile stress values because of the major contribution from a volume effect and not an interfacial one. Also, it is suggested that the purer the film, the greater the tendency for tension, and oxygen and other impurities tend to give rise to compressive stress. Further investigation to reveal the exact mechanism of the transition from compressive to tensile stress in the electrodeposited CoNi thin films is needed.
Conclusion
Stresses of pure Ni and CoNi thin films electrodeposited from solutions containing 0.01 M saccharin decreased compared to pure Ni and CoNi thin films without adding saccharin. Pure Ni and CoNi thin films deposited from solutions containing 0.01 M saccharin exhibited a transition from compressive ͑Ϫ85 MPa͒ to tensile stress mode ͑120 MPa͒. It is suggested that the transition of film stress from compressive to tensile may have resulted from addition of saccharin ͑as impurity͒ rather than the change of microstructure. 
